0 times, and so geological occurrences are a more reliable and consistent data source. The cetacean 2 6 1 matrix more informs posterior divergence time estimates more substantially. However, our 2 6 2 comparison of the results achieved under different priors demonstrates the crucial role of 2 6 3 geological data in cases where accuracy and precision are needed when estimating absolute 2 6 4 divergence times from morphological data. This is true even in cases where morphological data 2 6 5 appear to be well sampled and behaved, such as is shown in the cetacean dataset.
6 6
In contrast to the geological data, the morphological matrices examined here expose 2 6 7 limitations. The weakly informative canid and hominin morphology raises questions concerning 2 6 8 the trade-offs in incorporating morphological data in divergence time estimation. Our study 2 6 9 highlights several risks in the use of morphological clocks. In cases such as our canid analysis, 2 7 0 where morphological data appear to behave consistently but are uninformative, analysis of 2 7 1 morphological clocks in a Bayesian context may yield misleadingly high confidence that 2 7 2 posterior dates reflect true speciation times. Although the simulations remove model 2 7 3 misspecification and incomplete character sampling as a potential source of error, a relatively 2 7 4 large number of characters are needed to substantially inform posterior estimates. Researchers 2 7 5 using these approaches should take extra caution to compare prior and posterior estimates to 2 7 6 determine whether posterior signal originates from the data or the prior, a concern that involves 2 7 7 molecular data as well [14] . Furthermore, difficulty in distinguishing between evolutionary 2 7 8 signal and noise and lack of a theoretical expectation remains a source of substantial and 2 7 9 fundamental underlying concern, even in cases where data seem internally consistent and well-2 8 0 behaved. 2 8 1
Our simulations yielded the insight that morphological clock methods to underestimate 2 8 2 true divergence times, even at large matrix sizes. Since many morphological matrices contain 2 8 3 only small numbers of characters, many datasets may be incapable of recovering true divergence 2 8 4 times, even when egregious sampling biases and model violations are not present. Thus, dates 2 8 5 recovered using from morphological clocks using even well-behaved empirical datasets should 2 8 6 be interpreted cautiously. For example, although the empirical cetacean character matrix 2 8 7 analysed here consistently results in date estimates that are several million years older than those 2 8 8 recovered under the prior, it is possible that these dates still represent underestimates of true 2 8 9 divergence times, and should therefore still be conservatively interpreted as minimum divergence 2 9 0 times, similarly to typical treatments of geological estimates. This may also extend to previous 2 9 1 studies which infer recent dates for radiations using total-evidence methods [6] . 2 9 2 2 9 3
How can we move forward? Our analyses demonstrate several challenges in recovering 2 9 4 divergence times that are unique to morphological data. Many existing morphological datasets, 2 9 5 including the canid and hominin matrices analysed here, are cladistically informative, but lack 2 9 6 clock information. Other datasets may be more informative, but the lack of a theoretical 2 9 7 expectation makes their interpretation unsettling. When reconstructing divergence for older 2 9 8 clades than examined here, these problems may occur simultaneously, yielding unpredictable 2 9 9 results. We recommend that researchers approach morphological clock estimates with caution, 3 0 0 and estimate dates from geological information alone when in doubt. ( 
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